Consequences of physiological heat shock beginning at the zygote stage on embryonic development and expression of stress response genes in cattle.
The goal was to understand the role of heat shock at the zygote stage in causing infertility. Culture at 40°C reduced the percentage of inseminated oocytes that became a morula or blastocyst by d 6 or that were a blastocyst at d 8. An additional experiment was done to test whether effects of heat shock occur early in development or at the time of morula formation. Exposure to 40°C for 24 h decreased development to the blastocyst stage if exposure was at the zygote stage [8 to 32 h postinsemination (hpi)] but not if exposure occurred at the morula stage (116 to 140 hpi). To test effect of oxygen concentration, inseminated oocytes were cultured at 40°C for 12 or 24 h in either air (20.95% O₂; high oxygen) or a 5% (vol/vol) O₂ environment (low oxygen) that approximates the partial oxygen pressure of the reproductive tract. Blastocyst development was reduced by 40°C for 12 or 24 h under both atmospheres and was higher for embryos cultured in low oxygen than for embryos cultured in high oxygen. Examination of cell numbers at 72 hpi indicated that heat shock reduced developmental potential of embryos by reducing competence to complete cleavage divisions after first cleavage. Changes in expression of genes involved in heat shock and oxidative stress were measured to determine whether zygotes are more susceptible to heat shock because of reduced capacity for transcription. Heat shock was performed for 24 h at the 1-cell stage (expression examined in 2-cell embryos) or at d 5 (examined in morulae). Heat shock increased amounts of steady-state mRNA for HSPA1A but not for HSP90AA, SOD1, or CAT. We observed a tendency for a stage × temperature interaction for HSPA1A because the difference in expression between 38.5 and 40°C was greater for morulae than for 2-cell embryos. The amount of HSPA1A mRNA was less for morulae that were heat shocked than for 2-cell embryos cultured at 38.5°C. Heat shock at a temperature and oxygen tension similar to those seen in vivo can disrupt developmental competence of bovine zygotes. Increased susceptibility of the early embryo compared with the morula to heat shock was not due to reduced HSPA1A mRNA because amounts were higher for 2-cell embryos than for morulae.